sonographers and vascular technologists are in a unique position to identify venous outflow obstruction that may be causing atypical leg swelling or claudication and alert the referring physician before a patient suffers disabling postthrombotic sequelae.
Case Presentation
Seven weeks after the delivery of her first child, an active woman in her late 20s arrived in our sonography department complaining of a two-week history of left calf claudication. She could walk only two blocks before experiencing calf pain, and had noticed that her left leg appeared mottled and slightly larger than her right. Using a Sequoia sonographic system (Siemens-Acuson, Mountain View, Calif) with a 6-MHz linear transducer, a venous duplex examination was performed and was reported as negative for evidence of deep venous thrombosis. Upon later review of the images, however, it was noted that the Doppler flow signals in her left common femoral vein (CFV) were continuous and nonphasic, and they showed diminished response to augmentation ( Fig. 1 ).
An arterial Doppler examination was also ordered to help clarify the source of her claudication symptoms. Doppler waveforms were triphasic bilaterally, and ankle-brachial indices (ABI) on the right and left were 1.17 and 1.15, respectively. After five minutes of walking at 2 mph on a 12% grade, the left ABI dropped to .91 at one minute but recovered within five minutes.
The following day, a repeat venous sonogram was ordered to reevaluate her left venous system, including direct visualization of her iliac outflow vessels. A 4-MHz curvilinear transducer was used to image the iliac vasculature, which revealed significant thrombosis of the left external iliac (EIV) and common iliac vein (CIV) to the level of the inferior vena cava. The left CIV was atretic, indicating a longstanding occlusion (Fig. 2) . Also, a large collateral vein was visualized arising from the left CFV at the level of the inguinal ligament, further substantiating a chronic component to her venous disease. The diagnosis of May-Thurner syndrome was suggested, and because she had presented with new symptoms, she was placed on anticoagulation therapy.
The severity of her claudication symptoms prompted our patient to seek a potential alternative to the lifestyle-limiting consequences of her iliac thrombosis. In an effort to restore patency to her outflow venous system, she was referred to an outside institution for attempted thrombolysis, thrombectomy, and possible angioplasty of her left iliac veins.
Preintervention venography from a left popliteal approach confirmed left external and common iliac occlusion. A large venous collateral arising from the left CFV at the level of the femoral head was identified crossing the pelvis from the left to the right and draining into a normally appearing right femoral and iliac venous system. Because this type of spontaneous collateral mimics the path of the crossover graft developed to bypass iliac vein obstruction, called the Palma procedure, it is referred to as a Palma-like collateral. Smaller, deep trans-pelvic venous collaterals were also identified.
Following the venogram, the iliac occlusion was crossed with a wire. It appeared that the obstructing lesion was firm, indicating chronic thrombosis, and that there was a web-like narrowing of the left CIV at its junction with the inferior vena cava. Oasis mechanical thrombectomy was performed to remove the occlusion, and the excised products were sent for laboratory analysis to further evaluate their chronicity. Results were consistent with very old thrombotic material. An infusion catheter was then placed across the stenosis for thrombolytic therapy, and venous stenting was planned for the following day, depending on the success of the thrombolysis.
The next morning, follow-up venography demonstrated minimal flow about the infusion catheter, with predominant outflow persisting via the large transpelvic collateral and through the right common femoral vein. Thrombolysis with plasminogen activator was continued throughout that afternoon, at which time venography again demonstrated only a small amount of contrast flowing through the left iliac venous vasculature. Although angioplasty improved a residual stenosis in the proximal left CFV, peripheral thrombus remained in the left EIV, and there was minimal improvement in the appearance of the long segment of elastic stenosis and fibrous webbing within the left CIV. Because of these residual lesions, no stent procedure was attempted, and the patient was released with instructions to resume oral anticoagulation therapy. She was also urged to wear support hose, and was placed on a graduated exercise regime with directions to walk until the start of her symptoms and then rest with her legs elevated until symptoms abated.
Serial follow-up venous studies at our institution during the following year and then immediately following a second pregnancy documented recurrent occlusion of her left common and external iliac veins, enlargement of her transpelvic suprapubic collateral ( Figs. 3 and 4) , and a gradual lessening of her claudication symptoms.
Four years after her initial diagnosis, our patient presented for an early obstetric (OB) sonogram because of uncertain dates. At that time, she reported that her claudication symptoms had lessened as compared to the onset of her disease; in fact, she had experienced significant improvement after the birth of her second child. Except for heparin shots during pregnancy and the six-week postpartum period, she was no longer regularly taking blood thinners, except for gingko and a daily baby aspirin. Duplex revealed that her Palma-like transpelvic collateral was well established. Also, her external iliac vein had recanalized in the intervening period, and large, deep pelvic collaterals had developed that transversed the lower uterine segment, anterior to the internal cervical os. Because she had a history of difficult deliveries, a sonogram was performed as she neared term to identify the location of her collateral At present, although her symptoms are variable, she can walk approximately 4.3 minutes at 3.9 mph at a 2% grade before noticing minor discomfort and is able to walk for up to one hour at this pace without considerable worsening of her venous claudication. However, she can only jog at 5.5 mph for 2 minutes before experiencing significant pain that forces her to slow to a 3-mph walk for 2 minutes to recover. She is able to tolerate three to four intervals of running/walking before her leg does not recover, at which time she is forced to stop and rest. Because her claudication continues to limit her lifestyle and level of exercise intensity, she is presently researching the possibility of reintervention for stent placement to improve her venous outflow and prevent future postthrombotic sequelae.
Discussion

ANATOMY AND ETIOLOGY OF LEFT ILIOFEMORAL VENOUS OBSTRUCTION
The first person credited with documenting the discrepancy between right and left iliac venous obstruction was Virchow, who in 1851 observed that the incidence of left iliofemoral venous thrombosis was five times as great as right iliofemoral thrombosis. 1, 2 Other investigators who later studied this phenomenon discovered that the etiology behind the increased involvement of the left iliac vein was due to external compression of the left iliac vein.
As the right common iliac artery (CIA) crosses over the left CIV, it can easily compress the vein between itself and the spine or pelvic brim, especially in young females who have a greater lumbosacral lordosis and pelvic tilt than males ( Fig. 7) . Chronic compression irritates the venous wall, leading to intimal changes, including fibrosis, stenosis, and, in many patients, ultimate venous occlusion from webs or thrombosis. This anatomic iliocaval or iliac compression is commonly referred to as May-Thurner syndrome.
Iliocaval compression is a rather common condition. In approximately one-third of all cadavers and 22% of all autopsies performed by May and Thurner, bands of fibrous tissue or webs were found in the left CIV at the point where it was crossed by the right CIA. 4 In 1957, May and Thurner characterized these intraluminal adhesions, which consisted of fibrocytes, collagen, and capillaries, into three morphologic presentations: (1) lateral spurs were lesions protruding from the medial or lateral walls of the proximal CIV; (2) central spurs completely divided the lumen posteroanteriorly, separating the vein into two channels; and (3) fenestrated diaphragms or webs almost completely obliterated the lumen. 5 Subsequent histologic analysis of these vessels revealed that the normal intima and media were replaced by wellorganized connective tissue covered with endothelium, further confirming May and Thurner's hypothesis that the synechiae were caused by wall compression and irritation from chronic, pulsatile trauma. 2 Of the approximately 300,000 new cases of deep venous thrombosis (DVT) per year, iliofemoral thrombosis accounts for 2% to 23% of all lower extremity DVTs, and roughly 50% to 60% of these vessels have underlying webs from extrinsic compression. 2 In addition to the more common anatomic compression of the left iliac vein by the right iliac artery, Cockett described several other anatomic variations that can create iliocaval obstruction, including compression of the distal vena cava by the aortic bifurcation, compression of the right external iliac vein by the right external iliac artery, and compression of the left external iliac vein by the iliac artery at the inguinal ligament. 1 Other etiologies that can cause iliofemoral occlusion include tumor compression, retroperitoneal fibrosis, radiation therapy, and iatrogenic injury.
ILIOFEMORAL THROMBOSIS AND VENOUS CLAUDICATION
The more proximal the lower extremity venous occlusion, the less likely it is to recanalize. Therefore, as opposed to veins distal to the inguinal ligament that commonly recanalize within three years of an acute episode of DVT, anticoagulation is relatively ineffective in helping restore patency to iliofemoral thrombosis. Only 20% to 30% of iliac veins completely recanalize following thrombosis, 6 and longterm follow-up studies have shown that despite adequate anticoagulation, half of the patients with iliofemoral DVT develop claudication, 86% develop stasis ulcers, 95% lose valvular competency, and all have some degree of chronic leg edema. 7 In addition, chronic obstruction of more proximal venous segments results in more severe symptoms than distal obstructions because the greater number of potential distal collaterals better compensates for chronic occlusions.
As with most vascular disease, it is the efficiency of the developing collateral network that determines the variability of symptoms in patients following iliofemoral thrombosis. According to Smith, 8 patients with ascending lumbar collaterals and iliac venae comitantes have minimal symptoms when compared with those who have developed only cross-pelvic and pedundal collaterals. The collateral channels that we commonly visualize sonographically in our imaging experience are of two types: (1) hypogastric collaterals that transverse the deep pelvic organs from the left to the right internal iliac veins and (2) a suprapubic Palma-type collateral, as described by Hennerici and Neuerberg-Heusler, 9 that arises from the left common femoral vein and passes superficially to the right common femoral vein.
Often, these collateral channels have fixed high resistances that do not respond to changes in outflow. At rest, venous collateral outflow equals arterial inflow. However, as arterial flow increases with exercise, the resistance in the pelvic collaterals prevents the corresponding rise in venous outflow. The resulting leg engorgement rapidly increases venous pressure and causes a painful tightness in the upper thigh that sometimes extends down into the calf. It is this high venous pressure, not arterial ischemia induced by venous distention preventing arterial inflow, that triggers the exercise-induced pain of venous claudication. 10, 11 In addition, with chronic iliofemoral occlusion, Dodd and Cockett postulated that patients develop "pseudohypertrophy" from chronic intramuscular edema, 12 which further intensifies this congestion. They were the first to establish the four criteria necessary for the diagnosis of venous claudication: (1) leg pain with exertion, (2) iliac vein obstruction, (3) venous hypertension, and (4) exercise-induced venous pressure elevation. 10
SIGNS AND SYMPTOMS
Symptoms of iliofemoral compression may vary from relatively none to severe. Patients may present with a chronic history of varying degrees of unilateral leg swelling or quite the opposite, with a sudden onset of severe pain and swelling from acute thrombosis.
Acute DVT that is precipitated by chronic compression can progress from plegmasia alba dolens to phlegmasia cerulea dolens as transpelvic collaterals that have developed become gradually obliterated. However, as opposed to most other lower extremity DVTs, O'Sullivan et al 2 postulated that thrombosis of iliac vessels due to compression syndromes does not usually give rise to pulmonary emboli because the intraluminal webs and synechiae act as a filter or barrier that prevents passage of thrombi.
Symptoms of chronic occlusion include stasis dermatitis, superficial thigh vein distension, venous claudication, and cyanotic or mottled skin, especially with exercise. If patients have developed concomitant valvular insufficiency, they are also at increased risk for venous stasis ulcer formation.
Néglen et al 13 found that the prevalence of ulcers in his study population was 5% in patients with isolated iliac obstruction as compared to 24% in patients with reflux and obstruction. Patients with chronic occlusion who complain of claudication will describe a feeling of tightness, burning, or bursting pain or cramps when walking, as opposed to the aching or squeezing type of cramping pain experienced with arterial claudication. Symptoms of venous claudication have been described as less severe or reproducible than those associated with arterial disease, and the severity and location of the symptoms will vary, depending on the degree of obstruction, the extent and adequacy of the collateral venous drainage circulation, and the level of activity. Although patient discomfort may also not be as constant as the pain associated with arterial disease, the patient may have to stop activity and rest up to 15 to 20 minutes with the leg elevated to allow relief of symptoms. 10, 12 Despite the frequency of iliofemoral disease, venous claudication is rarely suspected because most patients do not exercise enough to induce symptoms. Sufficient collateralization is usually present so that at rest, symptoms of venous outflow obstruction are minor and are typically limited to varying degrees of chronic swelling. Since claudication is usually produced only by vigorous exercise activities such as jogging, biking, or skiing, it is the younger patient with May-Thurner syndrome who will present to the vascular department complaining of typical symptoms of venous claudication. Suspicion should be increased if the patient is a young female, especially if the onset is during pregnancy, postpartum, postsurgery, or following prolonged bed rest.
DIAGNOSIS
It is important to obtain a thorough clinical history and physical examination because studies suggest that symptoms of venous congestion caused by outflow obstruction are unrecognized and left untreated or undertreated. 14 Although the syndrome is diagnosed in 2% to 5% of patients with lower extremity venous disorders, 14 there is no accurate noninvasive or invasive test available to evaluate the significance of venous outflow obstruction, nor is the degree at which a venous lesion becomes hemodynamically critical known. 13 There are fundamental differences between the arterial and venous system. In the high-resistant, relatively noncompliant arterial system, diameterreducing stenoses of at least 60% to 70% are needed to produce a pressure drop that is considered clinically significant. On the other hand, iliofemoral venous obstructions may become flow reducing much earlier because what constitutes a critical stenosis is highly dependant on downstream pressures. 6 For example, an arterial lesion becomes significant when it reaches the point where the pressure drop through the lesion exceeds the effects of the high downstream peripheral resistance. At this point, the pull-through gradient is approximately 10 mm Hg in iliac vessels, distal waveforms lose their reversed diastolic component, and the increasing velocity through the lesion does not compensate for the stenotic flow reduction. Veins, on the other hand, are highly compliant and have a very low downstream resistance. Therefore, as little as a 30% diameter-reducing stenosis can significantly affect downstream venous flow pressures. Stenoses and lesions that prevent venous distension, alter the geometric flow patterns, or decrease pressures by only 2 mm Hg at rest may be clinically significant 6 and increase exponentially in importance with the increasing venous flow that occurs during exercise.
Sonographic studies to evaluate patients with clinically suspected venous outflow disease include outflow plethesmography, duplex Doppler, and intravascular imaging. Although some researchers have shown that air-and strain-gauge plethesmographic calculations of maximum venous outflow predict iliac obstruction and insufficiency, outflow calculations are more accurate in diagnosing acute processes, and they have not been found to be a satisfactory predictor of chronic disease 6,14 because significant obstruction can be present with a normal study. Ambulatory venous pressures are also inadequate in their ability to quantify obstruction. 13, 15 On duplex Doppler examination, absence of normal respiratory phasicity at the groin and decreased response to proximal augmentation suggest proximal obstruction. In the absence of an acute occlusion, however, these findings may be diminished or absent when ample collateralization provides a patent outflow channel. Furthermore, decreases in respiratory variation can occur with iliac compression at rest that is positional and not clinically significant. Direct visualization of the iliac vessels can be difficult and is reportedly inadequate in up to 20% of cases 2 as the compression necessary to eliminate the overlying bowel may also compress and obliterate the iliac veins. We have found that turning the patient away from the side being examined rolls the bowel out of the way and allows better visualization of the iliac veins without compressing them. In the absence of direct sonographic visualization, a severely blunted or aphasic flow signal in the common femoral vein in conjunction with a suprapubic transpelvic collateral is pathognomonic for iliofemoral venous obstruction.
Intravascular sonography directly visualizes the cause of the obstruction and degree of compression, and it assesses chronic changes, including intraluminal spurs and webs. Although not essential for the diagnosis, intravascular sonography is superior for evaluating the degree of venous stenosis and may be the best method for diagnosing chronic iliofemoral obstruction in the absence of accurate hemodynamic tests. 6 It is also helpful in guiding interventional treatment, including the accurate placement of stents. 16 In patients with a high index of clinical suspicion for iliofemoral outflow obstruction, magnetic resonance venography (MRV), spiral computed tomography (CT), ascending or descending venography, and intravascular manometry can further assist in identifying patients with clinically significant outflow obstruction. These alternative imaging modalities can help clarify the vascular anatomy, determine the extent of venous thrombosis, and assess the development of collaterals.
On venography, iliac vein compression is suggested by a widening of the vein, a decrease in contrast intensity at the point of compression, and the presence of transpelvic collaterals. 2, 16 Actual visualization of the intraluminal synechiae can be difficult, however, as they are easily obscured by contrast material. In addition to a focal stenosis, chronic iliofemoral obstruction can present as an acute process with a cause that is unmasked after lytic therapy or as a chronic process with abundant transpelvic and lumbar collaterals. 2 Although the presence of collateralization is associated with a more severe degree of obstruction, 16 the hemodynamic severity of the lesion cannot be assessed solely on the location and length of the obstruction or the number and size of collaterals 6 because they can appear significant yet be of little clinical function. 16 Some investigators have found that a mean resting pressure difference of greater than 2 mm Hg between the right and left common femoral vein, or a supine pull-through gradient of greater than 2 to 3 mm Hg between the inferior vena cava and external iliac vein obtained with intravascular manometry, was significant 6, 7, 14, 17 for outflow obstruction. Others, however, have not found pressure measurements to be helpful in assessing the significance of iliac obstruction and rely more heavily, instead, on the severity of a patient's symptoms and the presence of collaterals. 2
TREATMENT
Acute iliac thrombosis that results in phlegmasia cerulea dolens may require immediate anticoagulation and lysis to restore patency of outflow vessels and prevent venous gangrene and limb amputation. 1 However, the underlying etiology of the obstruction prevents most iliac veins from recanalizing with anticoagulation treatment alone and usually results in chronic obstruction and an increased risk of developing postthrombotic syndrome.
Although chronic proximal venous outflow obstruction does not require immediate intervention, it contributes to venous insufficiency in patients both with and without accompanying reflux. Accurate diagnosis is difficult, and the contribution of iliac obstruction to a patient's symptoms is often overlooked. In the past, it was assumed that reopening a proximal venous channel would exacerbate the effects of any venous valvular insufficiency, increase retrograde reflux, and worsen a patient's symptoms. However, this has not proven to be the case. Néglen et al 13 showed that removing an iliac vein outflow obstruction not only improved symptoms of venous insufficiency, such as claudication, pain, swelling, and ulceration, but did so without an increase in axial reflux. With iliac vein stenting, approximately half of their patients experienced pain relief, 30% were completely relieved of swelling, and 55% of ulcers were healed. 13 In a study by O'Sullivan et al, 2 patients who had experienced venous claudication from isolated iliac vein occlusion sustained immediate relief after stent recanalization.
The currently acceptable standard for intervention is when femoral venous pressure increases to 5 mm Hg with exercise. It is difficult, however, to increase flow and obtain an accurate exercise measurement with the patient supine in the interventional suite. 6 Therefore, although the long-term effects of venous stents are unknown, stenting has been suggested for significantly symptomatic patients with an area stenosis measured by multiplanar transfemoral venography or intravascular sonography greater than 50% as compared to the normal vein distal to the stenosis. 13 Although both percutaneous iliac venous stenting and surgical reconstruction can be used to correct iliac vein obstruction, endovenous recanalization and stent placement have replaced the need for open bypass surgery in most patients. Percutaneous transluminal venoplasty and stent placement have become the procedure of choice to reestablish venous flow and decrease the pain and swelling caused by outflow obstruction, as patency can usually be restored despite the age of the first thrombus. 1 Furthermore, mortality with stenting is null, morbidity is less than 1%, 13 and it does not preclude subsequent bypass graft placement in patients with failed procedures. 13 Success is achieved angiographically when flow is restored and collaterals are either eliminated or decrease significantly. 2, 13 O'Sullivan et al 2 reported primary patency rates of 87% and one-year patency rates of 79%, whereas Hurst et al's immediate and intermediate patency rates were 89% and 79%, respectively. 14 Although results for patients with primary disease are better than those with postthrombotic obstruction, 6 cumulative secondary patency rates for the absence of recurrent stenoses greater than 50% have been reported at 93% at four years and 85% at 42 months. 13 Some authors recommend lytic therapy to help restore patency prior to venoplasty and stent placement, especially in young patients with acute symptoms, 1,2,7 because after thrombolysis, the cause of the obstruction can be easily identified and repaired. However, chronic obstructions can usually be treated with angioplasty and stenting alone, and furthermore, lytic therapy is rarely successful if the thrombosis has been present for more than one month. 2 If lytic and percutaneous procedures fail to restore patency or thrombosis recurs, surgical reconstruction offers an alternative method of providing the patient with a patent venous outflow channel. Promising results have been obtained with direct repair by dissecting the right iliac artery off the underlying vein, excising the intraluminal venous adhesions, and repairing the vessel with or without a vein patch. 5 Alternately, the artery may be divided and placed underneath the vein. 2 The most popular bypass graft, called the Palma procedure, was developed by Cockett to relieve iliac venous outflow obstruction. It is a left to right crossover-femoral vein bypass graft using either the contralateral saphenous vein 2 or polytetrafluoroethylene (PTFE) graft material. For example, if the left iliac vein is obstructed, the right saphenous vein can be harvested, leaving the right saphenofemoral junction intact. The saphenous vein is then tunneled across the pubic area, similar to an arterial fem-fem graft, and anastamosed to the left common femoral vein. Clinical patency ranges from 67% to 95% at a threeyear maximum, but surprisingly, clinical improvement is not necessarily related to graft patency. 6 An arterial fistula can also be created to help prevent particularly PTFE graft occlusion by anastamosing a small artery to the left common femoral vein, but this has not been proven to increase long-term patency. Instead, results are more permanent when an autogenous vein is used for bypass. 18
Conclusion
Chronic venous disease is one of the most common medical conditions in the United States, and more than half of patients with left-sided iliofemoral DVT have an underlying iliocaval compression syndrome. Although venous outflow slowly improves following iliofemoral DVT, iliac veins rarely recanalize with conservative therapy, and the resulting venous hypertension creates a substantial risk for eventual, insidious onset of postthrombotic sequelae, including chronic edema, pain, claudication, varicosities, stasis dermatitis, and ulceration. Furthermore, this risk increases with the passage of time. 19 Accurate diagnosis of outflow obstruction is difficult, and the degree at which a critical venous stenosis exists is unknown. Therefore, the diagnosis relies heavily on a patient's clinical signs and symptoms, as well as morphologic investigations. In patients with iliac outflow obstruction, intervention should be aimed at permanently restoring patency to diminish the potential for postthrombotic syndrome and improve the patient's quality of life.
